95 Mo and 97 Mo Fourier transform NMR studies of several alkali molybdate solutions in H20 and D20 are reported. The Larmor frequency of the molybdenum nuclides is remarkably dependent on the solute and the solvent.
I. Introduction
Systematic NMR investigation's of chemical shifts for the elements chromium 1 and tungsten 2 are already known. Shifts of several thousand ppm have been found for these two elements. In this paper systematic investigations of molybdenum, the remaining element of the VIb group, are reported.
The element molybdenum has 7 stable isotopes, but only the isotopes 95 Mo and 97 Mo have a nonzero spin of 7 = 5/2. The natural abundance of 95 Mo is 15.8% and that of 97 Mo is 9.6%. In a 1 molal solution of KoMo04 in H20 the relative sensitivity is about 4.6-10~6 and 3.0-10~6 compared with the sensitivity of the proton in the same sample and in the same magnetic field. The magnetic moment of 97 Mo is known to be about 2% larger than that of 
II. Experimental
The NMR measurements were performed with a commercial multinuclei Bruker pulse spectrometer SXP 4 -100 in a magnetic field of 2.11 T produced by a Bruker high resolution 15" magnet system. The magnetic field was externally stabilized by the Bruker B-SN 15 NMR stabilizer. The free induction decays 17 39 K 4.1999 MHz. All these Larmor frequencies can be observed with the described spectrometer merely by retuning. A signal-to-noise ratio of 150 was achieved for 95 Mo within 30 sec of measuring time and a signalto-noise ratio of 120 for 39 K within 300 sec; the linewidths were about 1 Hz for 95 Mo and 12 Hz for 39 K in the reference solution. A typical absorption curve of 95 Mo is given in Figure 1 .
III. Results and Discussion

a) Chemical Shifts of 95 Mo in Solutions of Alkali Molybdates in H20
The dependence of the Larmor frequency of 95 Mo on the concentration of aqueous solutions of the alkali molybdates Li2Mo04, Na2Mo04, K2Mo04, and of (NH4)2MO04 has been measured. The results are given in Figure 2 . In Fig. 3 the dependence of the chemical shift of 95 Mo on the pu value is given for (NH4)2Mo04 At pu = 4.1 the signal is hardly observable after 100000 scans. The chemical shift and the broad lines at pn values less than 7 are due to polymerization of the molybdates, which occurs at a pn value of about 6 (see 20 ) .
b) Solvent Isotope Eßect
The The Larmor frequency in the solvent D20 is lower than in the solvent H20. This is the effect which is normally observed 21 . 
c) 95 Mo NMR Signal at low Concentration
In biological systems only concentrations of some millimoles solute/kg solvent are usually achievable.
From the signal-to-noise ratio at higher concentra- Hz; plotted spectrum width 175 Hz; pulse repetition rate 1.7 Hz; accumulation time 6000 sec; number of pulses 10000; rotating cylindrical sample tube 10 mm outer diameter; sample volume 1 ml. 1 K data points were accumulated. The linewidth results from a trapezoidal multiplication of the free induction decay.
tions one can conclude that measurements of millimolal solutions must he possible for 95 Mo. We obtained in a 5 millimolal solution of K2Mo04 within a measuring time of 6000 sec the absorption signal, which is given in Figure 5 . The signal to noise ratio is about 5.
d) Linewidths
Because the NMR linewidth of 95 Void and Void 5 have measured the relaxation rates in a solution of Na2Mo04 and NaCl. They found strongly growing linewidths, too, but in the pa range from 7 to 8.
e) Molybdenum Signals in Solid Samples
The NMR signals of 95 Mo and 97 Mo have been measured in silver molybdate powder. The results are given in Table 1 . The NMR signals of both molybdenum isotopes have already been measured in Na2Mo04 powder by Lynch and Segel 12 . They got much broader lines. It seems that Na2Mo04 is not a perfectly cubic crystal. The results of measurements in metallic molybdenum at room temperature are given in Table 1 .
Because of the limited precision of the value of the Knight shift of 97 Mo one cannot decide whether there is an isotopic effect on the Knight shift for the two molybdenum isotopes or not, as it has been found at other isotopes e. g. for silver 22 .
Other measurements of the Knight shift of both molybdenum isotopes are known, too 7 ' 13_15 . Aksenov 13 found 0.582(5)% for 95 Mo and 0.586(5)% for 97 Mo. As in the measurements which are reported in this paper, Aksenov got a much better signal for the 95 Mo than for the 97 Mo isotope. Rowland 14 gives the same value of 0.584% without any error limitations for hath isotopes; he found linewidths of 220 Hz and 250 Hz for 95 Mo and 97 Mo. Narath and Alderman 7 have measured relaxation times of both molybdenum isotopes in the temperature range 1 -4 K and the Knight shift between 4 and 300 K. At 300 K they obtained the same value as Aksenov and at 4 K they got a value of 0.57%. In a later work Narath et al. 15 gave another value of the Knight shift at 4 K of 0.610(5)% for both molybdenum isotopes. 
This is perhaps caused by the fact that Proctor and
Yu did not take into account the chemical shift of 14 N in the HN03 which they used as reference solution.
